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Disclaimer

The CEC and its contractor, Southern California Gas Company and subcontractor E3M Inc. has
made reasonable efforts to ensure all information is correct. However, neither The CEC’s,
Southern California Gas Company’s or E3M Inc.’s publication nor verbal representations thereof
constitutes any statement, recommendation, endorsement, approval or guaranty (either express or
implied) of any product or service. Moreover, The CEC, Southern California Gas Company, or
E3M Inc. shall not be responsible for errors or omissions in this publication, for claims or
damages relating to the use thereof, even if it has been advised of the possibility of such
damages.

Executive Summary

This calculator tool can be used to estimate annual energy savings and the associated cost (US
dollars) savings and subsequent reductions in CO, emissions through use of a feed water
economizer that allows recovery of heat from boiler flue gases. Recovery of heat from boiler
flue gases can substantially reduce the energy consumption for the boiler.

In a typical system, as shown in Exhibit 1, a gas to liquid heat exchanger is used to transfer heat
from the flue gases to the feed water. The flue gas comes into contact with the outer heat
transfer surface (usually a bank of finned tubes) and transfers heat to water flowing inside the
tubes which results in a rise in water temperature. Using higher temperature water reduces the
heat requirement in the boiler and results in an overall efficiency increase. Actual savings depend
on several factors such as the increase in water temperature, current efficiency of the boiler,
steam pressure and steam temperature at the outlet of the boiler. For most small to medium size
boilers, the energy savings can be in the range of 3% to 10% of the current energy use.
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Exhibit 1: Typical boiler flue gas heat recovery system

This calculator estimates the annual energy savings in terms of millions of British Thermal Units
(MMBtu/year). It also estimates the energy cost reduction using the given cost of fuel and the
number of operating hours per year.

The amount of CO, emissions reduced is also estimated using natural gas as the sole fuel source.

The primary objective of this calculator is to identify energy savings potential in industrial
heating operations to make a go / no go decision on further detailed engineering and economics



analysis. The user is required to give data for several operating parameters that can be measured
or estimated from normal operating conditions using available records. All data should be
collected at typical or average unit operating conditions.

Calculator results should be considered preliminary estimates of energy savings potential and a
starting point for more detailed technical and economic analysis. The accuracy of the calculator’s
results is expected to be within +5 percent

Note to the user of this calculator Tool

Use of this tool requires knowledge and operation of boilers. The user is referred to several
training programs and references quoted at the end of his document for further information on
the available resources for getting trainings that would provide additional knowledge for the
subject matters discussed in this document.
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Use of Non-Condensing Economizer on a Boiler

1. Description of the subject area

This technical guide describes a calculator tool that will allow a user estimate annual energy
(fuel) savings, reductions in CO, emissions, and energy cost savings ($/year) with the use of an
economizer to preheat boiler feed water. This efficiency measure can offer substantial savings in
energy use for the boiler resulting in reduction in boiler operating cost.

Steam generation in a boiler requires feed water that is often a mixture of returned condensate
and treated make up water. The amount of makeup water that enters the steam system depends
on how much condensate is returned to the boiler. In spite of all economically justifiable efforts
to return as much condensate back to the boiler as possible, an amount of makeup water is
always required for the boiler. Using cold makeup water and accounting for heat losses from
condensate return system results in feed water temperature that is lower than the boiling point of
water at the boiler operating pressure. In many cases, the feed water is heated in a deaerator but
its temperature can be substantially lower than boiling temperature of feed water at the boiler
pressure.

Using an economizer can increase feed water temperature and reduce the amount of heat
required in a boiler. The amount of heat that can be transferred and the upper limit of feed water
temperature depends primarily on boiler (steam) pressure and temperature of flue gases
discharged from the boiler. Transferring heat from the flue gases to the feed water will lower
flue gas temperature. If the flue gas temperature drops too low, then it is possible that water
vapor in the flue gases can condense on colder areas or spots for the economizer. Condensation
of flue gas water vapor typically results in the corrosion of the metal used in the economizer.
For natural gas fired boilers the lowest recommended flue gas temperature coming out of an
economizer is about 200 °F. It is possible to recover additional heat from flue gases by
condensing water vapor content of flue gases. However, this requires use of specially designed
heat exchanger and requires that water be used for areas other than steam production. In many
small boilers, it is difficult to justify use of condensing heat exchanger unless there are special
considerations.

As shown in Exhibit 2 an economizer is installed on a flue gas stack or at an appropriate location
attached to the boiler so that flue gases pass through the economizer. In most commonly used
designs the economizer is constructed by using finned tubes of carbon steel or higher grade steel.
Presence of fins on the outside of the tubes increases the heat transfer rate from the flue gases to
the water. The tube selection and configuration depends on the boiler pressure, available space
and other local considerations. In most cases, a flue gas by-pass is used.

The calculator is used to estimate annual expected energy savings in terms of millions of British
thermal units (MMBtu/year). It also estimates the energy savings by using the given cost of fuel
and the number of operating hours per year. Additionally, this calculator gives the reduction in
CO; emissions that result from application of the suggested energy saving measure.

A brief summary of the important parameters is as follows:

Current boiler energy use: This is the average amount of energy used at typical boiler
operating conditions selected.

Boiler operating hours (hours/year) — This is the total number of hours for which the boiler is
operated based on a recent 12-month period.
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Exhibit 2: Components of a boiler economizer installation (Courtesy Spirax Sarco)

Boiler operating conditions — This includes boiler (steam) pressure in psig, flue gas and
combustion air temperatures in °F, oxygen percentage (on dry basis) in flue gases, and boiler
efficiency in percentage. This information can be obtained from the records and flue gas
analysis conducted at typical or average boiler operating condition. .

Feed water information — This includes information amount the feed water temperature (°F)
and flow rate (gallons per minute — gpm or Ibs/hour) as it enters the boiler at current and average
or typical operating condition selected.

Economizer or heat exchanger information — Economizer or heat exchanger effectiveness
expressed as percentage. This information should be obtained from the supplier. For initial
trials, one can use any value between 50% and 70%. The value may have to be changed after
reviewing the results. This includes feed water temperature (°F) and flow rate (gallons per
minute — gpm or Ibs/hour) as it enters the boiler at current and average or typical operating
condition selected.

Cost of fuel - The average fuel cost ($MMBtu) based on the history and, if possible, future
projected cost based on contacts with the energy supplier.

2. Impact of using a feed water economizer on energy savings and CO2
emissions

This calculator allows a user to estimate energy (fuel) savings that can be achieved by using an
economizer to recover heat from flue gases to preheat boiler feed water. This fuel saving has a
corresponding reduction in CO, emissions. All commonly used fossil fuels such as natural gas
result in the formation of CO,. The reduction in CO, emissions is directly proportional to the
amount of natural gas usage reduced.

The energy savings can vary from 3% for boilers with low temperature flue gas to 10% where
boiler flue gas temperature is high enough to recover larger percentage of heat. Annual energy
cost savings depend on the cost of energy, expressed as US dollars per MM Btu. The exact value
of savings can be estimated by using this calculator.
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The CO, savings are directly related to energy savings. According to U.S. Environmental
Protection Agency (EPA) estimates (Reference 5), the combustion of natural gas used in USA
produces 116.39 Ibs of CO, per MM Btu heat input. For convenience, most calculations use 117
Ibs CO, emission per MM Btu heat input from natural gas. If the natural gas composition is
available, it is advisable to carry out detailed combustion calculations to estimate value that is
more accurate for the CO, produced by the combustion of natural gas. Reduction in CO,
emissions is calculated by using the value of reduction in energy (fuel) used for the furnace.

3. Discussion on the technical approach and the calculations

Heat recovery from boiler flue gases will result in energy savings by increasing the feed water
temperature and reducing in heat required in a boiler. The main incentive for this measure is to
reduce energy use and correspondingly reduce emission of Green House Gases (GHGS) such as
COzand NOx.

There are several methods available to recover heat from boiler flue gases. They include feed
water heating and combustion air preheating. For steam systems, feed water heating offers more
energy savings per unit of heat recovered than combustion air. The exact savings amount is
dependent on the flue gas temperature and degree of heat recovered by the economizer used to
preheat feed water. Preheating of feed water by using heat from flue gases reduces flue gas heat
loss and increases boiler efficiency.

Heat recovered by feed water preheating depends on the feed water flow rate, usually expressed
in terms of gallons per minute or Ibs. per hour and temperature rise in the economizer.

Where
= heat recovered in feed water from flue gases (Btu/hour)
= mass flow of feed water (Ibs./hour)
_feed water temperature at the outlet of the economizer (°F)
_feed water temperature entering the boiler without use of economizer (°F)
The value of depends on the heat economizer (heat exchanger) effectiveness ().

The heat exchanger effectiveness value depends on the heat exchanger design and size, and it has
to be obtained from the economizer supplier. For the purposes of estimating energy savings, a
value of 50% to 70% is appropriate evaluate range of savings.

Total heat transferred to feed water can be calculated by using value of and total heat that
can be recovered from flue gases.

Total amount of recoverable heat can be calculated by using values of standard volume (or mass)
flow rate that depends on the boiler firing rate, excess air used for combustion based on flue gas
oxygen reading, flue gas temperature and specific heat of flue gases. In this calculator, the
calculations are done by using volumetric flow rate (standard cubic feet per hour) and following
values for the parameters are required.

Average heating value () of natural gas = 1,030 Btu/(SCF)
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Stoichometric air/fuel ratio for the combustion of natural gas = 10 scf per scf of natural
gas.

Specific heat of flue gases ( ) =0.021 Btu/(scf of flue gas)

Total volume flow rate for flue gases ( ) depends on the boiler firing rate ( ) and the
amount of excess air used for combustion.
Value of excess air can be obtained by measuring oxygen (O) content (on a dry basis) in flue

gases. For natural gas and most commonly used fuels, relationship between O2 in flue gases and
excess air is well established and it is given in the following Exhibit 3.
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Exhibit 3: Relationship between % oxygen and excess air in flue gasses

Where
= Total heat input to boiler in MMBtu/hour
= heating value (higher) of fuel (natural gas) in Btu/[std. cu.ft. (scf)]
Xsair = Excess air calculated based on O2 in flue gases in percentage (%).
The maximum amount of transferable heat is the minimum of the following two quantities.

Maximum possible heat transfer from gases to water is equal to the total heat content of flue
gases at temperature (°F) is calculated as
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Where

= Flue gas temperature from boiler to economizer

= Water temperature entering the economizer

— Specific heat of water (Btu/lb-F) and its value is 1.0

- = heat transferred to fed water (Btu/hr)
= hot feed water temperature

= cold flue gas temperature discharged from the economizer

Note that the hot feed water temperature must be lower than the boiling point of water at boiler
steam pressure and the cold flue gas temperature leaving the economizer must be lower than the
condensation temperature of flue gases (estimated conservatively at 200 °F).

= Boiler efficiency expresses as ratio of heat content of steam generated per hour
and heat input to the boiler. This value can be in the range of 65% to 85%.

Annual savings (MMBtu/year) are calculated by using value of savings per hour, annual
operating hours and converting Btu to MMBtu.

Cost savings are calculated by multiplying annual savings and cost of fuel expressed as $/
MMBtu.

CO; savings are based on 117 Ib. of CO, generation per MMBtu firing rate or energy use
assuming that the fuel is natural gas.

4. Instruction on use of the calculator

The following list summarizes the user inputs that are required. The user should collect this
information before using this calculator tool:

e Company name, plant location and address

e Customer name and contact information
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e Heating equipment description (where the energy-saving measure is applied)
e Equipment type (furnace, oven, kiln, heater, boiler)
e Equipment use (e.g., textile drying, aluminum melting, food processing)

Note that some of this information may be optional for the web-based calculators due to users’
concerns about privacy.

The following input data is required from the user:

e Current boiler energy use — average value (MMBtu/hour)

o Boiler operating hours per year (hours/year)

e Flue gas temperature (hot side inlet) to the economizer (heat exchanger) (°F)
e Oxygen in flue flue gas (% dry basis).

e Water (cold side) flow rate — to economizer (Ibs/hour)

e Water pressure (psig)

e Water (cold-side) inlet temperature (°F) — to economizer

e Boiler efficiency (%).

e Heat exchanger effectiveness (%).

e Energy (natural gas) cost ($/MMBtu)

The calculator gives following results:
e Flue gas (hot side) outlet temperature from economizer (°F)
e Water (cold side) outlet temperature from economizer (°F)
e Energy savings (%)
e Annual Energy savings (MMBtu/year)
e Annual energy or fuel cost savings ($/year)
e COysavings (Tons/year)

This calculator requires the following input parameters describing the heating process in order to
estimate the savings. Exhibit 4 shows the user information screen and Exhibit 5 shows the
calculator screen.

The first section requires information about the user, equipment, and process.
Line 1 — Name of the company

Line 2 — Name or known designation such as “main plant” or “secondary plant” if
applicable
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Use of Non-Condensing Economizer for a Boiler
1 |[Company name ABC Corporation
2 |Plant name or designation LA Plant
3 [Plant address 12345 Main Street, Gabriel, CA 90878
4 [Contact name Boh Smith
5 |Contact address 54321 First Street, North Warren, CA 90878
6 |Contact phone number Phone: [916-756-9923  [E-mail: | b smith{@abccorp com
7 |Date {format mm/date/vear) May 12, 2010
Heating equipment description {where the energy saving measure is applied)
8 |Equipment type {e.g. furnace, aven, kiln, heater, boiler) Boiler
9  |Eguipment use (e.g., textile drying, aluminum melting) Gas fired boiler
10 |Other comments if any The boiler is used continuously.

Exhibit 4: Required information for the calculator user
Line 3 — Plant address

Line 4 — Contact name for the plant — This individual is main contact and is responsible
for collecting and providing the required information.

Line 5 — Address for the contact person

Line 6 — Contact phone number and e-mail to be used for all future communications

Line 7 — Date when the calculations are carried out

Line 8 — Type of heating equipment — This can be an oven, furnace, boiler, heater, etc.
This is the heating equipment where data is collected and the given energy
saving measure is to be applied.

Line 9 — Process or function for which the heating equipment is used — This can be name
of the process such as drying, melting, water heating, etc.

Line 10 — Any additional information that can be useful in application of the results

The second section of the calculator is used for collecting the necessary data and reporting the
estimated savings.

Exhibit 5 shows the required data for the calculator. The calculator cells are color coded. The
white color cells are used for data input by the user while the colored (yellow and light blue or
green) cells are protected and give results of the calculations. The user is not allowed change
numbers shown in the colored cells.

Line 11 — Current boiler energy use (MMBtu/hour) — Give value of average energy use or
energy use at a specific operating condition for the boiler. In many cases, this
represents average value for energy use.

Line 12 — Boiler operating hours per year (hours/year) — Give number of operating hours
per year for the boiler.

Line 13 — Flue gas temperature (hot side inlet) to the economizer (heat exchanger) (°F) —
This is a measured value and can be obtained by flue gas analysis or in some
cases it may be available from the boiler control room instruments.
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Use of a Non-Condensing Economizer for a Boiler

The tool is applicable to economizers and other flue-gas-to-water heat exchangers when the water vapor in flue
gas is not condensed and heat exchanger effectiveness is known .

1 Current boiler energy use - average value 25 1AM Btulhr
12 Boiler operating hours per year 7,000 Hrs./year
13 Flue gas temperature (hot-side inlet) to the economizer 450 Deg. F
14 Oxygen in flue gas (%, dry basis) from the boiler 4.0% Ya
15 Excess air (%) 22 1% Ya
16 Feed water (cold-side) water flow rate 15.000 Ibs.fhr
17 Feed water (cold-side) water flow rate 30.00 gpm
18 Feed water {cold-side) pressure 150 psig
19 Feed water (cold-side) inlet temperature G0 Deg. F
20 Displaced_hot water (deaerator) heater efficiency (%) a0% %
21 Economizer (Heat exchanger] effectiveness (%) 60% %
22 Heat transferred to cold feed water 1,676,165 Btulhr
23 Flue gas (hot-side) outlet temperaturs 216 Deg. F
24 Feed water outlet temperature 165 Deg. F
25 Energy savings (%) 7.9% Ya
26 Annual energy savings 13,791 MM Btulyear
27 Energy (natural gas) cost 56.00 /MM Btu
23 Annual cost savings $82,749 $iyear
29 Annual CO2 savings based on natural gas as fuel 807 Tonsiyear

Exhibit 5: Example of calculator inputs and results

Line 14 — Oxygen in flue flue gas (% dry basis) — This is a measured value and can be
obtained by flue gas analysis. Note that this is a value based on dry flue gas
analysis. and most modern analyzers will give this value.

Line 15 — Excess air (%) — This is a calculated value based on use of natural gas as fuel.

Line 16 — Feed water (cold side) flow rate (Ibs/hour) — Give value of water flow to the
economizer. This is a measured value or its approximate value can be obtained
if the steam generation rate plus blowdown rates is known, and if all feed water
going to the boiler is passed through the economizer.

Line 17 — Feed water (cold side) flow rate (gpm) — Calculated value based on the mass
flow rate input on line 16.

Line 18 — Water pressure (psig) — Give value of feed water pressure as it enters the
economizer or boiler. In cases where it is not available directly it may be
possible to use steam pressure as an approximate value.

Line 19 - Water (cold-side) inlet temperature (°F) — Give the temperature of feed water
entering the economizer. This value can be measured or may be available on a
temperature gage on the pipe or in the boiler control room.
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Line 20 — Displaced hot water (deaerator) heater efficiency (%) — This should be obtained
from an deaerator supplier. If it is not possible to get this value then you may
use nominal value between 80% and 100% for commonly used deaerators.
Note that this would be an approximate value and should not be considered as
final and very accurate.

Line 21 — Heat exchanger effectiveness (%) — This should be obtained from an
economizer supplier. If it is not possible to get this value then you may use
nominal value between 50% and 60% for commonly used economizers. Note
that this would be an approximate value and should not be considered as final
and very accurate.

Line 22 — Heat transferred to cold feed water (Btu/hr). This is a calculated value and it
represents heat added to feed water as it passes through the economizer. See
section 3 of this Technical guide for calculation method used.

Line 23 — Flue gas (hot side) outlet temperature (°F) — This is calculated value and
represents flue gas outlet temperature from the economizer.

Line 24 — Water (cold side) outlet temperature (°F) — This is calculated value and
represents temperature of heated feed water at the outlet of the economizer.

Line 25 - Energy savings (%) — This is calculated value based on heat transferred from
the boiler flue gases to feed water, boiler efficiency (total energy saved) and
current energy use. It is ratio of total energy saved after allowing for boiler
efficiency and current energy use for the boiler.

Line 26 — Annual Energy savings (MMBtu/year) — This is calculated value based on data
given in Lines 11, 12 and 24 above.

Line 27 — Energy (natural gas) cost ($/ MMBtu) — The user gives cost of fuel expressed
in terms of $/MM Btu. The cost should include all charges related to use of fuel
at “the burner tip”. This value can be obtained directly from monthly or annual
gas bills. It is often stated as a line item on the bill. If the bill does not
specifically mention the gas cost then it is necessary to calculate average cost of
fuel by using values of total fuel cost and annual fuel used.

If necessary, contact the fuel (natural gas) supplier or distributor for more
information.

Line 28 — Annual energy or fuel cost savings ($/year) — This is calculated value based on
data given in Lines 25 and 26 above.

Line 29 - Reduction in CO, emissions (tons/year) — These savings are calculated based on
annual fuel savings, assuming the fuel used is natural gas. The savings are in
Short (US) tons, not in Metric tons.

Note that the CO, savings are based on natural gas as the fuel for the heating equipment. A

9
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correction factor must be applied if any other fuel is used.

5. References and Resources
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Appendix 1
Steam Tables

The following link will allow the user to calculate steam
properties

If necessary please copy and paste this link to your Internet browser

http://www.spiraxsarco.com/us/resources/steam-
tables.asp

Definition of Steam Properties

* p— Pressure (psia)

« T-Temperature (deg. F)

* v — Specific volume (ft*3/lbm)

« U —Internal energy (Btu/lbm)

« h— Total enthalpy or heat (Btu/lom)
« s-— Entropy (Btu/lb-F)

The saturation temperature is shown with each pressure in red.


http://www.spiraxsarco.com/us/resources/steam-tables.asp
http://www.spiraxsarco.com/us/resources/steam-tables.asp
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Superheated Water [H20} Table
deg-F ®3bm  Biulerm  Biulbm BWIBM fagbm Biuibm Btulbm  BWIBM o fa3ibm Btudbm Btudbm  EBtudom

T p="1.0psia{101.70F) p=50psia(162.21F) p="10.0 psia (193.19 F}
v i il 5 Vv i fr 5 v u h 5
Sat. 3336 10440 11058 19779 7353 10630 11310 1.844 3842 10722 11433 17877
200 3925 10775 11501 20508 7815 10763 11486 18715 3BA5 10747 1466 17927
240 4164 10912 11683 20775 33.00 10903 11671 1.8987 41.32 10B9.0 11855 1.8205
280 4403 11050 11865 21028 4782 1042 11855 109244 4377 11033 11843  1.8467
3zo 4642 11189 12048 21269 9264 11183 12040 19487 46.20 1176 12031 18714
300 4381 11328 12232 21300 9745 11324 122246 19719 46,62 11318 12218 13948
400 511.9 11470 12418 21720 10224 11466 12412 1.994 51.03 1461 12405 19171
440 5358 11612 12604 21932 107.03  1160.9 12599 20154 5344 1605 12593 19385
500 5715 11428 12885 20718 11420 118285 12837 20458 5704 MMB22 412377 41.9890
600 6311 12193 13361 23706 12615 12191 13358 20930 63.03 12189 13355 20164
700 6807 12567 13845 23142 138.08 12565 13843 211367 60.01 12563 13340 20601
G0o 7503 12949 14337 23550 130,01 12947 14335 21775 7428 120406 14333 211009
1000 8095 13739 15348 24294 173.86 1373.9 15347 22520 86.91 1373.8 15346 21755
1200 9858.6 14567 16396 249467 197.70 14566 1539.5 23192 9634 14363 16394 22428
1400 1107.7 13431 17481 25534 221.54 13431 17431 23810 1076 19430 17480 23045
r p=14.596 psia (?11.99 F) p=20psia(227.96 F p =40 psia (267,26 F)
v u h 5 v u ] g v o h g
Sat. 2680 10776 11505 17567 20.09 10220 11564 17320 10501 10023 11700  1.676BT
240 20.00 10879 11640 17764 2047 10865 1622 17405
280 29.69 11024 11831 15030 2173 1M014 1818 17676 10711 1097.3  1176.6  1.4857
320 3136 1118.8 12021 1.8230 2293 1116.0 12070 17930 11.330 11128 11969 17124
360 3302 M2 12200 18516 2427 1308 12201 1.8168 11996 11280 12168 1.7373
400 3467 11456 12389 1874 2543 11451 12392 18305 12623 1430 12364 17606
440 36.31 11601 12588 12956 26.64 11506 12582 1.8A11 12243 11578 12558 17828
500 3377 118418 128732 19263 2346 11315 12868 18019 14164 11BO1 12340 18140

600 4286 12186 13352 19737 3147 12184 13348 19385 15685 12173 13334 1.8621
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700
300
1000
1200
1400
1500

Sal.
320
360
400
440
500
300
700
300
1000
1200
1400
1500
1300
2000

p="14.59G psia (211.99F)

v u N
46.93 12561 13834
51.00 12944 143341
5913 13737 15345
6725 14565 16391
636 15430 17479
B347 18332 18602

p=G60psia({292.73F)

¥ u fr
7ATY 10983 1178.0
7485 11095 11926
7924 112683 421213
B351 11408 1233%
B7TE  1156.0 12534
9399 11786 12830
10425 12163 13321
11440 12544 13814
12448 12930 14312
14454 13727 153332
16.452 14558 1538%
16,445 15425 7472
2044 15328 13597
2243 17260 19755
2447 18240 208981

5
20175

20584
21330
22003
22621
23104

1.6444
16634
16803
17124
1.7360
1.7678
18163
1.8609
19022
1.9773
20448
21067
21641
22178
22685

p=20psia(227.96F p=40 psia (267.26 F)

Vv 1] i) 5 v u h 5
3447 12559 138315 19834 17196 12551 13824 1.9063
3746 12043 14329 20243 18701 12937 14321  1.9474
4344 73715 15343 20939 2170 13731 15338 20223
4941 14564 16382 211663 2469 14561 16389 20897
53T 15420 AT7479 22284 2768 165427 17476 21515
61.33 16312 18601 22854 3066 1633.0 1859.9 22080

=80 psia (312.07 F} =100 psia |J327.56 F)

v u h 5 ¥ u f 5
5474 11026 11836 18214 4434 11058 1187.8  1.6034
5544 11060  1MBAO  1EZA
E8RE 112256 12007 16544 4682 11197 120659 A.6250
6217 11245 12208 1.6790 4034 11262 12276 1.6517
6541 11542 12510 17022 E199 11523 12485 1.6755
FOIT  M772 12814 17348 5587 MMF5.7 127941  1.7085
TT94 121583 13307 1.7838 6216 12142 13293 17582
8561 12516 13B0.3 18285 6834 12528 13792 1.8033
93¥ 12824 14304 18700 7445 12918 14296 18440

10831 13723 45326 19453 8657 13719 15324 1.9204

12333 14555 162381 20130 9861 14552 1637.7 1.4882

13830 15423 47470 20749 11.050 5420 17467 2.0502

15324 163256 18595 21323 12257 16324 18593 21076

16.818 17265 19755 21861 13452 17264 19753 21614

18310 18239 20049 2U357 14647 18237 20948 221N



Use of Non-Condensing Economizer on a Boiler

T =120 psia (341,30 F) =140 psia (353.08 F) =160 psia (363.60 F)
v U h 5 v /] ] 5 v u h 5
Sat. 3730 110B3 11911 1.5880 3.221 11103 11938 1.5791 2,836 11120 11960 1.5651
260 1p44 1167 12020 16021 3.259 11135 11980 1.5812
400 4079 11238 12244 16288 3.468 11214 12212 16088 1007 11288 12978 15911
450 4360 115432 12512 1.6590 3913 115624 12426 1.6200 31238 116805 12461 1.6230
500 4633 11742 12771 1.6868 3.952 11727 13751 1.6682 1.440 11712 12730 1.6518
550 4800 11938 13026 1.7127 4184 11926 13009 1.6944 1,646 11913 12992 1.5784
GO0 5164 12132 13278 1.7371 4412 12121 13264 17191 1.545 12111 13250 1.7034
700 5.0682 12520 13782 1.7825 4.460 12512 13771 1.76438 4243 12504 13760 174894
200 6.195 12912 14287 18243 5.301 12905 14279 1.BOE3 4 631 12399 14270 17916
1000 7.208 13715 15215 1.9000 6.173 13710 18310 1.B837 5397 13706 15304 1.23677
1200 2213 14549 16373 1.9679 7.035 146486 16359 1.D507 6154 14643 16365 19388
1400 9.214 15418 17454 20200 7.895 152416 17451 20129 6.906 15414 17459 19940
1600 10.212 16323 18590 20875 8.752 16321 18538 20704 7.656 16319 18586 20555
1300 11.209 17262 19751 21413 9.607 17261 19750 21242 4,405 17259 1974383 21094
2000 12206 18235 20945 21919 10451 18235 20945 21749 9183 18233 20943 21601
7 p =120 psia (37313 F) p =200 peia (321.96F) p=225 psia (301.27 F)
Vv u h 5 v u b 5 v u h 3
3at. 2533 11134 11978 1.5853 2.289 11146 11993 1.5464 2.043 11158 12008 15365
400 2648 11262 12144 1.5748 2.361 11235 12108  1.53600 2073 11189 12062 1.3427
450 2.850 11485 12434 16073 2543 11454 12407 1.5938 2245 11438 12373 15779
00 3042 11686 12708 18372 2724 11680 12688 1.6239 2405 11659 12661 15087
550 3228 11900 12975 1 G642 2893 11887 12957 165712 7588 11870 12935 16366
oo 2400 12100 12235 16803 3058 12029 131221 16767 2707 12075 13202 16624
700 3763 12405 13749 17357 3.379 12428 13738 17234 2905 12477 13724 17095
z00 4110 12893 14262 17781 3693 12886 14253 1.7660 1276 12878 14242 17523
gop 4453 13204 14777 1.8175 4003 132389 14771 1.B0SS 31553 13263 14762 1.7920
1000 0 4793 13¥D2 15298 1.5545 4310 13698 15293 1.B425 1827 13593 15286 1.8292
1200  S5.467 14540 16360  1.9227 4813 14537 16357 1.9109 4 369 14534 16353 1.3977
1400  BA3F 15412 17456 1.9849 551 15409 17453 1.0732 4 906 15407 17449 19600
1500 G804 16317 18524 20435 6.123 16216 18882 20308 E441 162132 18879 20177
1500 7470 17258 19746 20964 §.722 17256 19744 20847 5975 17264 19742 20716
2000 2 B.135 18232 20942 21470 7.321 18220 20940 21384 6507 18229 20938 21223



Use of Non-Condensing Economizer on a Boiler

Sat.
450
300
550
ano
650
700
200
200
1000
1200
1400
1600
1300
2000

Sat.
450
500
5560
500
650
700
300
ano
1000
1200
1400

1500
1300

p =250 psiz (401,04 F)

v u h
1.8448 11687 12021
2.002 11411 13337
2.150 11638 12633
2.290 11853 12913
24205 12061 13183
2558 12265 13449
2 688 12457 13711
2.043 12870 14232
3.193 132786 14753
2.440 13687 15279
3.929 14530 16348
4414 15404 17440
4395 16311 18576
5376 17252 19740
B.8455 18227 20026

p =350 psia (431.82 F}

v u f

13267 1119.0  1204.9

13733 1282 12182

14913 11548 12515

15398 11782 12818

17025 12003 13106

18013 12216 13363

18375 12425 13654

2085 12838 14184
2267 13250 14718
2446 13666 15250
2798 14515 183248
3.148 15383 17431
3494 16302 18565
3838 17245 19731
4182 18220 20928

S

1.5374
1.5632
1.5848
1.6233
1.06494
1.6739
1.6970
1.7401

1.7799
1.8172
1.6858
1.8453
2.00680
2.05499
2.1106

1.4374
1.5125
16482
1.57910
1.6068
1.6323
1.6562
17004
1.7409
17787
1.8474
1.9106
1.968%
20225
20733

p =275 psia (409,52 F)

16813
1.4028
1.9407
2071
2.196
237
2436
2670
2498
1124
1.570
4011
4.450
4887
5133

T}
1117 5
11383
11617
11683.6
12047
12253
12457
12862
1327.0
13682
1452.3
15401
16309
17250
182256

h
12031
1230.0
12604
1289.0
13164
13432
13697
14221
14745
15272
1634.3
1744 2
1857 .3
19737
20834

=400 psia (444.70 F)

¥

1.1620
11745
12843
1.3833
1.4760
1.5645
1.6503
1.8163
1.9778
21360
24460
27520
3.0550
3.3570
3.6530

u
1119.5
11228
1150.1
1174.6
1197.3
1219.1
1240.4
1282.1
13237
1365.5
1450.7
1538.7
1629.8
1724.1
18271.6

fr
1205.5
1209.6
1245.2
12770
1306.6
1334.9
1362.5
1416.6
1470.1
1523.6
1631.49
1742.4
1855.9
19726
2092.4

g
15182
1.5485
1.5820
1.6110
1.6376
1.6623
1.6856
1.72E0
1.7689
1.6064
1.8751
1.8376
1.9954
20493
21000

1.43354
1.4901
158282
1.5605
1.8892
1.6153
1.8357
1.60544
1.7252
17632
1.8327
1.8956
1.8535
20076
20384

p=7300 psia (417.43 F)

v o
1.5442 11182
1.6261 11364
1.7662 11595
1.8673 11819
2.004 12032
21T 12241
2227 1244 6
2442 12864
3 6R3 13263
2.860 13677
31270 14522
31675 1539.8
4078 16307
4479 17249
4879 18223
p=4350 psia

v u
1.0326 1119.6
11226 11461
124146 70T
12996 11943
1.3803 12166
14580 12382
1.607T 12805
17524 13224
1.8941 13644
24720 14500
24440 15381
27150 1629.3
29830 17237
32510 18213

h
12029
12262
12575
12667
13145
13415
13683
14210
14726
15265
16338
17438
18570
19735
20022

(456.39 F)

h
1205.5

12345
1271.9
13025
1331.5
1359.6
1414.4
1468.3
15222
1630.8
17417
1855.4
1872
20820

s
15115
15365
1.571
1.5997
1.62606
1.6516
16751
17187
1.7589
1.7964
1.8653
1.9279
1.9857
20396
2.0904

14746

15087
1.5436
1.5732
1.6000
1.6244
1.6701
17113
1.7495
1.6192
1.8822
1.9403
1.9844
20433



Use of Non-Condensing Economizer on a Boiler

r p = 500 psia (467.13F) p =600 psia (4B6.33F) p =700 psia {503.23 F)
v u fr 5 v u fr E v u h 5

Sat. 09283 11194 12053 1.4545 07702 11186 12041  1.4464 06538 1117.0 12020 1.4305
500 09924 11397 12315 14923 0.7947 11280 12162 14592

550 10792 1667 12666 15279 08749 11582 12554 14900 07275 11490 12432 14723
500 11523 119411 129283 1.6585 00456 11846 12206 1.6320 07929 117756 12802 1.5081
B850 12327 12140 13280 165860 1.0109 12086 13209 158609 08520 12031 13134 15387
700 13040 12360 13567 16112 1.0727 12315 13506 1.5872 09073 12269 12444 15651
300 14407 12788 14121 16571 11900 12754  1407.6  1.6343 1.0109 12720 14029 1.6145
200 15723 13210 14665 16987 1.3021 13184 14629 16766 110869 13156 14593 1.6576
1000 17008 13633 15207 17371 14108 13612 15178 17155 1.2036 13589 15149 16970
1100 18271 14060 15751 19731 15173 14042 15727 17519 1.2960 14024 15702 17337
1200 10518 14402 16208 1.8072 1.6222 14477 16278 17861 1.2868 14462 162582 1.7582
1400 21980 15376 17410 18704 1.8239 15365 17305 1.8407 16652 15353 17381 1.8321
1500 24420 16289 195448 19205 20330 1628.0 18537 1.9080 1.7409 16271 18526 1.8908
1300 26840 17233 19717 1.9827 22360 17224 1970.8 1.9622 19152 17218 19699 1.9449
2000 29260 1B209 20916 20335 24330 18202 20908 20131 20887 18195 20901 19953
T p =800 psla (518.36 F) p=1000 psia (54475 F) p=1250psia (57256 F)

v u h 5 v ] h 5 v u h 5

Sat 05591 11450 11993 14160 04459 11099 11924 1.3903 03454 11017  11B16  1.2619
550 06154 11388 122090 1.4469 04534 11148 11947  1.30G¢

500 06776 11701 12704 1.4861 05140 11527 12488  1.4450 03786 1129.0 12166 1.3954
G50 07324 11972 13054 15188 05637 11847 12891 14822 04267 11672 126060 14410
700 07829 12221 13380 15471 06080 12120 13248 15138 04670 11284 13064 14757
750 DB306 12457 13686 15730 06490 12372 13573 15412 05030 12261 13424  1.5070
300 08764 12685 13987 15469 06878 12612 13885 156664 05364 12518 13758 1534
00 09540 13429 14556 1.6408 07610 13073 14481 16120 05984 13000 14384 1.5820
1000 10422 13667 15119 1.6807 08208 13522 15050 1.6520 06563 12464 14092 1.6244
1100 11300 14005 15678 17178 068976 139648 15629 1.6008 07116 13920 15566 16631
1200 12102 14440 16238 17524 09630 14415 16197 17281 07632 14375 16145 1.6991
1400 13574 13342 17366 1.8167 1.0905 15319 17337 17909 08689 15290 1730.0 1.7643
1300 15218 16262 18515 1.8754 1.2152 16244 183493 1.8499 09639 16222 18465 1.8243
1300 16749 17210 1969.0 1.9293 1.3384 17195 19672  1.9044 1.0693 17176 19650 1.8791
2000 18271 1Bi668 20893 19808 14608 18174 20877 19557 11678 18157 20858 1.9304

VI



Use of Non-Condensing Economizer on a Boiler

Sat
500
G50
Fao
750
300
850
00
000
1100
1200
1400
1600
1800
2000

Satl
550
Too
750
200
250
00
950

4000
1100
1200
1400
1600
1800
2000

650
700
750
200
250
200
950
1a0o
1100
1200
1300
1400
15300
1300
2000

p = 1500 psia (595.39 F)

v u i
02769 10918 M6GET
02216 1D9EE 1174.4
03320 11470 12304
03716 118324 12866
04049 12141 13265
04350 12418 136258
04531 12677 1396.2
04397 12925 14285
05400 13404 14001
05376 13872 5501
06334 14335 15091
07213 15261 17261
08064 16199 18437
08899 1757 19627
09725 18140 20834
p= 2500 psia (B62.31 F)
v u ]
013059 1031.0 10914
016339 10987 11764
02030 11552 12491
02291 11967 13017
02512 12205 13464
02712 12585 13854
02896 12882 14222
03069 13152 14572
03393 13868 15234
03596 14167 15877
04261 15142 17113
04705 16102 -1832&
06312 1708.2 -1954.0
05820 18072 20764
p = 4000 paia
v I} f1
0.02447 BS7.7 6754
0.02567 7421 7634
0.06331 060.7 10075
010522 1DOE0 11724
012832 11665 1251%
014522 12015 13097
016151 12382 135548
07320 12728 14026
019954 13339 14816
02213 13901 15539
02414 14437 16224
02503 14957 15884
02359 153971 18161
03296 16971 19411
03625 1797.3 20656

5
1.3359
12416
1.4012
14429
14767
1.5053
1.5320
1.5562
1.6001
1.6309
1.6765
1.7431
1.8031
1.8382
1.9096

1.2327

1.3073
1.3086
14112
1.4456
1.4752
1.5018
1.5262
1.5704
18107
1.6304
1.7424
1.7986
1.8506

5
08574
0.9343
1.1395
1.2740
1.3353
1.3784
14144
1.4448
14973
15423
1.5323
1.6184
1.6841
1.7420
17348

p = 1750 psia (617.31 )

Vv ] f
02268 10802 11537
02627 11225 12076
03022 1166.7 12646
03341 12013 13095
03622 12313 13434
03878 12588 13844
04119 12848 14182
04560 13343 14821
0.4990 43822 454348
05392 14204 1504.0
06158 15231 17226
06896 1517.8  1541.0
07817 17138 1960.5
08330 183123 20820
p = 3000 psia (9552 F)
W u h
0.08404 958.8 10185
009771 100389 10531
014831 11147 1197
07572 11676 12652
019731 12077 13172
02160 12448 13617
02328 12727 1402.0
02485 13017 14396
02772 13582 151041
03036 14080 15TG.G
03524 15081 17037
0297¢ 1B8DA3 18271
04416 17045 19486
146844 18039 20728
o= 5000 psia
v u fr
002377 G48.0 670.0
0.02676 721.8 746.6
0.03364 2214 8526
0.05032 Q872 10424
0.08656 10027 1174.9
010385 11551 12511
011853 12022 1311.4
013120 12420 13634
015302 13106 14522
047199 43746 15304
012018 14296 16037
020517 14832 16710
02348 13879 15052
02626 16894 19327
02895 17908 20536

5
1.3109

1.3603
14106
14465
1.4802
1.5081
1.5334
1.57E4
1.6187
1.6571
17245
1.7850
1.5404
1.8919

g
11575

1.1944
13122
13676
1.4080
14414
14708
14857
1.5434
1.5648
1.6871
17201
17769
1.6281

5
08452
0.9136
1.0048
11583
1.2606
13180
1.3629
1.3268
14577
16068
1.5403
1.5876
1.6531
17142
17676

p = 2000 psia (136.00 F)

v
(.18813

0.2057
0.2487
0.2803
0.3071
0.3312
03534
0.2945
0.4325
0.4585
0.5368
0.6020
0.6656
07284

0.02481
0.030534
0.10450
(13626
0.18818
0.17625
0.19214
0.2066
0.2328
0.2566
02997
0.3385
03776
0.4147

v
001222
0.02563
0.02a78
0.02942
0.0881%
0.07584
0.02004
010207
012218
0.132827
0.15453
0.16854
018420
0.21801
0.24087

u f
10666 11363
10011 11672
11477 12388
11873 12914
12201 1333138
12495 13720
1276.8 14076
13281 14744
13772 15372
14252 15086
15202 1718.8
16154 15348.2
17120 19583
18106 2080.2
p=3500 psia

u h

663.5 679.7

733.5 Tra.3
10384 11281
N34T 12210
11834 12REQ
122324 13365
1256.4 13B0.8
12B7.6 14214
13452 1484.0
13992 15653
1501.9 16961
16017 18218
17008 19454
18006 20692
p = 6000 psia

u h

640.0 B65.8
708.1 736.5
TRAG 821.7
206.9 040.7

1014.8  0B3.4

11029 11872

11620 1262.0

12091 13224

12864 14221

13527 4607.2

14132 15B4.9

14705 6576

1578.7 17943

1662.4 19245

17B4.3 20517

5
1.2861

1.3144
1.37a2
14216
1.4562
1.4830
15126
15508
16017
1.6398
1.70a2
1.7692
1.8243
1.8765

0.8630
0.8306
1.2440
1.3226
13716
1.4036
14416
14533
1.5193
182624
1.6358
17010
1.7583
18108

5
0.8405
0.20Z5
09746
1.0708
11820
1.2599
1.3140
1.3501
1.4222
1.4752
1.5206
1.86048
1.6307
1.6910
1.7430

Vil



